Primary ciliary dyskinesia, or the immotile cilia syndrome, was first described in association with Kartagener's syndrome (situs inversus, bronchiectasis, and sinusitis).' The condition is thought to be inherited in an autosomal recessive manner and to affect 1 in 15 000 people.2 Impaired ciliary function is thought to result from absence of the dynein arms that are normally attached to the outer microtubular doublets within the cilia (fig 1) . Reduced ciliary motility causes reduction in mucociliary clearance and predisposition to infection throughout the respiratory tract. In addition, it is speculated that the abnormality disturbs the normal developmental symmetry of vital organs resulting in random laevo or dextroposition of such organs as the heart, liver, and spleen.1 Affected males are usually infertile because their sperm, being of similar structure to cilia, are poorly motile or non-motile.
More recently it has become apparent that there is a wider pattern of ciliary abnormalities than was originally recognised. Ultrastructural abnormalities range from the complete absence of dynein arms to partial absence affecting the outer or inner arms only. Where cilia were present with a mean ciliary beat frequency of less than 10 Hz a second brushing for ulrastructure was performed and the cilia immediately fixed in 2-5% glutaraldehyde in cacodylate buffer and then postfixed in 1% osmium tetroxide. After agar embedding and Araldite infiltration sections were cut and examined by light and transmission electron microscopy. '5 A normal range for ciliary beat frequency in the age range studied has not been obtained (for ethical reasons), but there seems to be no variation with age in normal adults. In our laboratory the ciliary. beat frequency in normal adults is usually found to be in the range of 12 to 15 Hz.in comparison with subjects with primary ciliary dyskinesia associated with Kartagener's syndrome where the frequency is usually less than 10 HI. 16 We have therefore considered any ciliary beat frequency of less than 10 Hz to be appreciably abnormal.
Results
Children were referred with a wide range of respiratory problems as listed in table 1. The five asymptomatic children, the near-miss cot death, and the child with obstructive apnoea all had normal ciliary function.
Eighteen children were found to have either low ciliary beat frequency with abnormal ciliary ultrastructure (eight cases), low ciliary beat frequency A 6 year old boy (case 4) with a history of chronic productive cough and nasal discharge was referred for investigation. He had been born at full term after a normal delivery and a normal pregnancy and had weighed 3800 g. Nasal stuffiness and discharge were noted from the first day of life and had required treatment with an antibiotic during the first week. From 15 months of age he had required frequent courses of oral antibiotics for chest infections and he failed to thrive. His parents first noted hearing problems when they found that they had to shout in order to draw his attention. An older brother had died at the age of 10 years after cardiac surgery for complex congenital heart disease and situs inversus. He was thought to have had Kartagener's syndrome, but had not undergone ciliary function testing. A younger sister was asymptomatic.
Examination showed a thin boy without finger clubbing. There was appreciable chest deformity (with pectus carinatum and bilateral Harrison's sulci), inspiratory crackles at the left base, purulent nasal discharge, and bilateral serous otitis media. A chest radiograph showed cardiac and abdominal situs solitus and increased shadowing in the left lower lobe. Forced expiratory volume in one second and forced vital capacity were reduced, this suggested a mixed obstructive and restrictive ventilatory defect. An 8'Kr ventilation scan indicated reduced ventilation in the anterior, lateral, and posterior basal segments of the left lower lobe and the medial segment of the right upper lobe. Sweat electrolyte secretion was normal. Haemophilus influenzae and Streptococcus pneumoniae were cultured from a sputum sample.
Ciliary function was examined in an epithelial brushing of the inferior nasal turbinate. Cilia seemed dyskinetic, moving stiffly and asynchronously with reduced amplitude and had a ciliary beat frequency of less than 10 Hz. Electron microscopy ( fig 2) showed outer dynein arms to be absent from group.bmj.com on October 21, 2017 -Published by http://adc.bmj.com/ Downloaded from 75% of the cilia counted, there were occasional extra tubules adjacent to the outer doublets (2%) and compound cilia (2%). After the diagnosis of primary ciliary dyskinesia he was treated with a course of oral cefaclor for one month and started regular physiotherapy. There was some improvement in his condition notably a reduction of cough and sputum.
Discussion
Including the three cases where no ciliated cells could be found we estimated the prevalence of abnormal ciliary function to be 18 out of 167 cases (11%). In the 149 children where the ciliary beat frequency was greater than 10 Hz the cilia invariably appeared to beat in a normal coordinated pattern.
In Kartagener's syndrome it has been shown that, while the occasional patient may be found with normal ciliary function and ultrastructure, there is a clear relation between the level of reduction in ciliary beat frequency and the number of ultrastructural abnormalities present. ' 
